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(57) A heat exchanger tube and a method for man- 
ufacturing the tube which has two flat plate portions pro- 
vided to face each other and defining therebetween a 
passage for heat exchange medium; and a folded por- 
tion provided on at least one end portion in the width- 
wise direction of at least one flat plate portion, which is 
formed by folding the end portion so as to have a thick- 
ness which is an integral multiple of that of the plate 
forming the end portion. The folded portion and the cor- 
responding end porton in the widthwise direction of the 
other flat plate portion are joined to each other. The 
obtained tube has such features that the junction 
strength of the joined portion is high enough to ensure 
high pressure resistance, that the internal dimensions 
of the tube may be changed easily and accurately, that 
flux may be sufficiently applied to portions required for 
brazing, and that a reinforced structure may be easily 
employed at the central portion in the widthwise direc- 
tion of the tube. 
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Description 

Technical Field of the Invention 

IO0O1] The present invention relates to a heat 
exchanger tube and a method for manufacturing the 
same, and specifically to a heat exchanger tube suitable 
in use for heat exchangers for vehicles and a method for 
manufacturing it. and further, to a heat exchanger hav- 
ing the heat exchanger tube. 

Backoround Art of the Invention 

[0002] A heat exchanger tube, in more detail, a heat 
exchanger tube for flowing heat exchange medium in a 
heat exchanger, has been manufactured, for example, 
by bending a single flat plate material in the widthwise 
direction by roll bending, and joining tip portions of the 
end portions of the bent material to each other. In such 
a manufacturing method, for example, as shown in Fig. 
27. a heat exchanger tube 301 is formed by abutting 
and joining the tip portions to each other at a junction 
302. The tip portions are joined, for example, by elec- 
tric-resistance welding. 

[0003] In such a method as shown in Fig. 27. hcswever, 
when an electro-unite tube formed by roll forming a sin- 
gle plate is used, because tip portions of the bent plate 
are welded at junction 302. the contact area is small and 
the strength for joining is low. and therefore, pressure 
resistance may be low. Further, because a long-sized 
material must be roll formed, the processing cost of tube 
301 may increase. Moreover, because, in most cases, 
cutting to a predetermined length is carried out after 
processing in the roll forming of long-sized material, 
defective tubes may be produced, or correction after the 
manufacture may be required, and therefore, the cost 
for the manufacture may increase from this point of 
view. Furthermore, because only the tip portions of the 
bent plate are joined at junction 302. the internal dimen- 
sions of formed tube 301 . in particular, the height of the 
fluid path, may be difficult to be accurately determined 
to a target dimension, aft6 the dimension may be dis- 
persed. Still further, if the target height of the fluid path 
is changed, it may be difficult to accurately follow the 
change. 

10004] Further, in a method for manufacturing a tube 
shown in Fig. 28, there are the following problenns. In a 
heat exchanger having a core portion with tubes and 
fins disposed alternately, usually a method for heating 
and brazing the core portion at a condition of temporary 
assembly in a furnace is employed. However, as shown 
in Fig. 28, in the structure in that a joining portion 31 2 for 
forming a heat exchanger tube 31 1 is provided at a cen- 
tral portion in the widthwise direction of the tube, flux 
may not be applied sufficientiy to tiie brazing portion, 
defect of brazing may occur, and a defective for sealing 
the heat exchange medium may be generated. 
10005] Moreover, in the structure in that joining portion 



312 extending along tube 31 1 at a central portion in the 
widthwise direction of the tube is provided, as shown in 
Fig. 28, a high strength of tube 311 may be ensured. 
However, in the structure in that any projecting or abut- 

5 ting portion is not provided at a central portion in the 
widthwise direction of tube 301, as shown in Rg. 27, 
when the core portion is brazed, binding force may be 
applied to the core portion originating from the differ- 
ence between the thermal expansion of the core portion 

10 and that of a jig for brazing (a jig for tenrporarily fixing 
the assembly of the core portion), and therefore, the 
tube may be deformed, or a defective of brazing (a 
defective for sealing) may be generated. 

75 Disclosure of the invention 

[0006] Accordingly, an object of the present invention 
is to provide a heat exchanger tube and a method for 
manufacturing it, having such features that the junction 

20 Strength of a joined portion of the heat exchanger tube 
is high enough to ensure sufficientiy high pressure 
resistance, that the internal dimensions of the tube may 
be changed easily and accurately, that flux may be suf- 
ficiently applied to portions required for brazing, and 

25 that a reinforced structure may be easily employed at 
the central portion in the widthwise direction of the tube. 
[0007] To achieve the foregoing object, a heat 
exchanger tube according to the present invention com- . 
prises two flat plate portions provided to face each other 

30 and defining therebetween a passage for heat 
exchange medium; and a folded portion provided on at 
least one end portion in tiie widthwise direction of at 
least one of the flat plate portions. The folded portion is 
formed by folding the end portion so as to have a thick- 

35 ness which is an integral multiple of a thickness of a 
plate forming the end portion, and the folded portion 
and a corresponding end portion in the widthwise direc- 
tion of tiie otiier flat plate portbn are joined to each 
other. 

40 [0008] In the heat exchanger tube, a bent portion, 
which integrally connects two flat plate portions, may be 
formed at one end portion in the widthwise direction of 
the heat exchanger tube, the folded portion may be 
formed on each flat plate portion at the other end por- 

45 tion in the widthwise direction of the heat exchanger 
tube, and the respective folded portions may be joined 
to each other. Alternatively, the folded portion may be 
formed on each end portion in the widthwise direction of 
each flat plate portion, and each set of corresponding 

50 folded portions on the respective end portions may be 
joined to each other. 

[0009] The folded portion may be formed by once fold- 
ing at least one end portion in the widthwise direction of 
at least one flat plate portion, and tiie folded portion 
55 may be formed by pturaily folding at least one end por- 
tion in the widthwise direction of at least one of the flat 
plate portions. In the case of the folded portion formed 
by plurally folding, the folded portion is formed, so that a 
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first folded piece portion comes into contact with an 
inner surface of a flat plate portion at a condition of sur- 
face contact, and a following folded piece portion comes 
into contact with a surface of a prior folded piece portion 
at a condition of surface contact. Such folded portions 
may be formed, for example, by pressing, 
[001 0] Further, the tube may be structured such that a 
projecting portion is formed at a central portion in the 
widthwise direction of one flat plate portion by bending 
the flat plate portion itself, and the projecting portion 
extends toward the other flat plate portion so as to sub- 
stantially come into contact with the other flat plate por- 
tion. The above-described folded portion may be brazed 
to the corresponding end portion in the widthwise direc- 
tion of the other flat plate portion. 
[0011] To such a heat exchanger tube, the following 
structures may be added. For example, an inner fin may 
be provided between the flat plate portions. Further, a 
plurality of protruded portions protruding toward the 
inside of the tube may be provided on at least one of the 
flat plate portions, and protruded portions facing to each 
other, or. a protruded portion and an inner surface of a 
flat plate portion iadng the protruded portion, may be 
abutted to each other. Further, the flat plate portions 
may be formed to expand toward outside of the tube so 
that a central portion in the widthwise direction of each 
flat portion is formed as a peak, thereby increasing the 
pressure resistance of the tube. Furthermore, grooves 
may be defined on an inner surface of each flat plate 
portion so that the grooves on one flat plate portion 
extend to intersect the grooves on the other flat plate 
portion. 

[0012] A heat exchanger according to the present 
invention has such a heat exchanger tube. The type of 
the heat exchanger is not particularly restricted. For 
example, the present invention is applied to a heat 
exchanger wherein tubes and fins are alternately dis- 
posed. 

[001 3] A method for manufacturing a heat exchanger 
tube according to the present invention comprises the 
steps of (a) folding at least one end portion in the width- 
wise direction of a flat plate with a predetermined width 
to form a folded portion having a thickness which is an 
integral multiple of a thickness of the flat plate forming 
the end portion, (b) bending the flat plate at a central 
portion in the widthwise direction of the flat plate so that 
the folded portion is positioned inside, to form two flat 
plate portions defining therebetween a passage for heat 
exchange medium, and (c) joining the folded portion 
formed on at least one end portion of at least one of the 
flat plate portions to a corresponding end portion of the 
other flat plate portion. 

[0014] Another method for manufacturing a heat 
exchanger tube according to the present invention com- 
prises the steps of (a) folding both end portions in the 
widthwise direction of at least one flat plate of two flat 
plates having respective predetermined widths to form a 
folded portion at each end portion, the folded portion 



having a thickness which is an integral multiple of a 
thickness of the flat plate forming the end portion, and 
(b) joining the folded portions formed on both end por- 
tions of the flat plate and corresponding end portions of 

5 the other flat plate to each other. 

[0015] Also in such manufacturing methods, the 
folded portion rray be formed by once folding the end 
portion in the widthwise direction of the flat plate, and 
the folded portion may be formed by plurally folding. In 

10 the case of the folded portion formed by plurally folding, 
the folded portion is formed, so that a first folded piece 
portion comes into contact with an inner surface of a flat 
plate at a condition of surface contact, and a following 
folded piece portion comes into contact with a surface of 

15 a prbr folded pi ece portion at a condition of surface con- 
tact. Such folded portions may be formed, for example, 
by pressing. 

[0016] Further, before or after the folded portion is 
formed, a projecting portion may be formed at a central 

20 portion in the widthwise direction of one of flat plate por- 
tions forming the tube by bending the flat plate portion 
itself, so that the projecting portion is formed to extend 
toward the other flat plate portion so as to substantially 
come into contact with the other flat plate portion. The 

25 folded portion may be brazed to the corresponding end 
portion of a flat plate portion facing the folded portion. 
[0017] The method for manufacturing a heat 
exchanger may have a step of providing an inner fin 
between two flat plate portions forming the tube. Fur- 

30 ther, a plurality of protruded portions protruding toward 
the inside of the tube may be formed on the flat plate 
when the tube is formed. Furthermore, grooves may be 
defined on surfaces of flat plate portions forming the 
tube so that the grooves on one flat plate portion extend 

35 to intersect the grooves on the other flat plate portion 
when the tube is formed. 

[001 8] In the heat exchanger tube and the method for 
manufacturing the same, the folded portion formed on 
the end portion in the widthwise direction of at least one 

40 flat plate portion can be formed, for example, by press- 
ing. Therefore, the cost for the processing is cheap, and 
because a material having been cut at a predetermined 
width is pressed, defect of the processing does not 
occur and correction after the processing is not neces- 

45 sary As a result the cost for the manufacture may be 
greatly reduced. 

[0019] Further, because tip portions are not joined to 
each other as in the conventional tubes but the folded 
portion can be joined to the end portion in the widthwise 

so direction of tfie other flat plate portion at a condition of 
surface contact (this end portion may be formed as a 
folded portion), the junction area becomes sufficientiy 
wide, a high junction strength may be ensured, and a 
high pressure resistance may be realized. Because the 

55 folded portion is formed by folding the plate once or a 
plurality of times so that tiie folded portion has a tinick- 
ness of an integral multiple of the thickness of the plate 
forming the end portion in the widthwise direction of the 
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plate, and so that the folded piece portion Is stacked at 
a condition of surface contact, a high strength of the 
folded portion itself may be ensured, as well as a high 
junction strength may be ensured by joined surfaces at 
a condition of surface contact, and a high pressure 
resistance may be achieved as the whole of the tube. 
[0020] The thickness of the folded portion corre- 
sponds to a height of a fluid path formed in the tube. The 
thickness of the folded portion can be determined by the 
times of folding in the folded portion. Namely, the thick- 
ness of the folded portion, in particular, the thickness of 
the folded portion contributing decision of the internal 
dimensions of the tube, can be determined by the times 
of folding, that is. by the number of stacked folded piece 
portions, thereby greatly increasing the freedom of 
design. When plurally folded, or when folded piece por- 
tions are joined to each other, the thickness may be 
accurately determined as a dimension corresponding to 
a value of (the thickness of the folded piece portion x the 
number of the folded piece portions) by the surtece con- 
tact between the folded piece portions or between the 
first folded piece portion and the. inner surface of the flat 
plate portion having the first folded piece portion. There- 
fore, the internal dimensions of the tube to be formed 
may be accurately determined at target dimensions, 
thereby obtaining a tube with high accuracy. 
[0021 ] When a projecting portion is provided, because 
the projecting portion can be formed by bending the flat 
plate portion itself, a portion requiring brazing is not 
generated at a central portion in the widthwise direction 
of the tube. Therefore, lack of flux, defect of brazing due 
to the lack of flux, and defect of sealing may not occur. 
[0022] Further, when such a projecting portion is pro- 
vided, while the above<lescribed advantages are main- 
tained, the tube may be reinforced at the central portion 
In the widthwise direction. Therefore, when the core por- 
tion is brazed, the deformation of the tube, defect of 
brazing originating from the difference between the 
thermal expansion of the core portion and that of a jig 
for brazing, and generation of a defective for sealing 
may be prevented. 

Brief explanation of the drawing 

[0023] 

Fig. 1 Is an elevational view of a heat exchanger 
according to an enrlbodlment of the present Inven- 
tion. 

Rg. 2 is a partial perspective view of a heat 
exchanger tube according to an embodiment of the 
present invention. 

Fig. 3 is a partial perspective view of a heat 
exchanger tube according to another embodiment 
of the present invention. 

Rg. 4 is a partial perspective view of a heat 
exchanger tube according to a further embodiment 
of the present invention. 



Fig. 5 is a partial perspective view of a heat 
exchanger tube according to a still further embodi- 
ment of the present invention. 
Rg. 6 is a process flow diagram showing a method 
5 for manufacturing the heat exchanger tube depicted 
in Fig. 2. 

Fig. 7 is a process flow diagram showing a method 
for manufacturing the heat exchanger tube depicted 
in Fig. 3. 

10 Rg. 8 is a process flow diagram showing a method 
for manufacturing the heat exchanger tube depicted 
In Fig. 4. 

Rg. 9 is a process flow diagram showing a method 
for manufacturing the heat exchanger tube depicted 

15 in Fig. 5. 

Rg. 10 shows partial perspective views of heat 
exchanger tubes according to still further embodi- 
ments of the present invention. 
Rg. 11 is a partial perspective view of a heat 

20 exchanger tube according to a still further embodi- 
ment of the present invention. 
Rg. 12 shows partial perspective views of heat 
exchanger tubes according to still further embodi- 
ments of the present Invention. 

25 Rg. 13 is a partial perspective view of a heat 
exchanger tube according to a still further embodi- 
ment of the present inverttlon. 
Rg. 14 is a process flow diagram showing a method 
for manufacturing the heat exchanger tube deputed 

30 in Fig. 1 0A. 

Rg. 1 5 is a process flow diagram showing a method 
for manufacturing the heat exchanger tube depicted 
in Fig. 11. 

Rg. 16 is a process flow diagram showing a method 
35 for manufacturing the heat exchanger tube depicted 
in Fig. 12 A. 

Rg. 1 7 Is a process flow diagram showing a method 
for manufacturing the heat exchanger tube depicted 
in Fig, 13. 

40 Fig. 18 is a partial perspective view of a heat 
exchanger tube according to a modification of the 
emlxxliment depicted in Fig. 2. 
Rg. 19 is a partial perspective view of a heat 
exchanger tube according to a modification of the 

45 embodiment depicted in Fig. 1 0A. 

Rg. 20A is a partial perspective view of a heat 
exchanger tube according to another modification 
of the embodiment depicted in Fig. 2. and Fig. 20B 
is a sectional view of the tube as viewed along the 

so line XXB-XXB of Fig. 20A. 

Rg. 21 A is a partial perspective view of a heat 
exchanger tube according to another modification 
of the embodiment depicted in Fig. 10A. and Fig. 
21 B is a sectional view of the tube as viewed along 

55 the line XXIB-XXIB of Fig. 21 A. 

Rg. 22A is a partial perspective view of a heat 
exchanger tube according to a further modification 
of the embodiment depicted in Rg. 2. and Fig. 22B 
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is an enlarged elevational view of the tube depicted 
in Fig. 22 A. 

Fig. 23A is a partial perspective view of a heat 
exchanger tube according to a further modification 
of the embodiment depicted in Fig. 10A. and Rg. 
23B is an enlarged elevational view of the tube 
depicted in Fig. 23A. 

Fig. 24 is a partial plan view of a plate material 
before processed to the tube depicted in Fig. 22A or 
23A. 

Fig. 25 is a sectional view of a heat exchanger tube 
according to a still further modification of the 
embodiment depicted in Fig. 2. 
Fig. 26 is a sectional view of a heat exchanger tube 
according to a still further modification of the 
embodiment depicted in Fig. 10A. 
Fig. 27 is a partial perspective view of a conven- 
tional heat exchanger tube. 

Fig. 28 is a partial perspective view of another con- 
ventional heat exchanger tube. 

The Best mode for carr ying out the Invention 

[0024] Hereinafter, preferred embodiments of the 
present invention will be explained with reference to the 
drawings. 

[002$] Fig. 1 depicts a heat exchanger 1 according to 
an embodiment of the present invention. Heat 
exchanger 1 has two tanks 2 and 3 provided at entrance 
and exit sides, a plurality of heat exchanger tubes 4 pro- 
vided between tanks 2 and 3 for communicating 
between tanks 2 and 3 and each forming therein a pas- 
sage for heat exchange medium, and corrugated fins 5. 
Heat exchanger tubes 4 and fins 5 are disposed alter- 
nately. In this embodiment, side plates 7 and 8 are pro- 
vided on the outermost portions of a core portion 6 
having heat exchanger tubes 4 and fins 5. Brackets 9 
and 10 are attached to the outer surface of side plate 8 
and the side surface of tank 2 for mounting heat 
exchangen. Fittings 11 and 12 for connecting pipes or 
other equipments are provided on tanks 2 and 3. 
respectively. 

[0026] Such a heat exchanger tube 4 of heat 
exchanger 1 is constituted, for example, as shown in 
Figs. 2 to 5 or Figs. 10 to 13 (heat exchanger tubes 21, 
31. 41. 51, 121a, 121b. 121c, 131. 141a. 141b, 141c 
and 151). 

[0027] Heat exchanger tube 21 of the embodiment 
depicted in Fig. 2 comprises two flat plate portions 23a 
and 23b provided to face each other with a gap therebe- 
tween and defining therebetween a passage 22 for heat 
exchange medium; a bent portion 24 formed at one end 
portion in the widthwise direction of heat exchanger 
tube 21 . which irrtegrally connects two flat plate portions 
23a and 23b; and folded portions 25a and 25b formed 
on the other end portions in the widthwise direction of 
respective flat plate portions 23a and 23b. Folded por- 
tions 25a and 25b are formed by bending by folding the 



respective end portions of flat plate portions 23a and 
23b. Respective folded portions 25a and 25b are 
formed so that the inner surfaces of respective folded 
portions 25a and 25b. come into contact with the sur- 

5 faces of respective flat plate portions 23a and 23b posi- 
tioned inside of the tube at a condition of surface 
contact, and so that the outer surfaces of folded por- 
tions 25a and 25b facing each other extend in parallel to 
each other. Folded portions 25a and 25b are formed by 

10 pressing. Folded portions 25a arxi 25b are joined to 
each other by brazing at a position of the parallel outer 
surfaces formed by folding (surfeces facing each otiier) 
(joining portion 26). 

[0028] Heat exchanger tube 31 of the embodiment 

15 depicted in Fig. 3. similarly to that of the above- 
described heat exchanger tube 21 . comprises two flat 
plate portions 33a and 33b defining a passage 32 for 
heat exchange medium; a bent portion 34 integrally 
connecting two flat plate portions 33a and 33b; and 

20 folded portions 35a and 35b formed on one end portion 
in the widthwise direction of each of flat plate portions 
33a and 33b. Folded portions 35a and 35b are joined to 
each other by brazing at the outer surfaces formed by 
folding Qoining portion 36). In this embodiment, a pro- 

25 jecting portion 37 is formed at a central portion in the 
widthwise direction of one flat plate portion 33b by 
bending flat plate portion 33b itself so that projecting 
portion 37 extends toward the other flat plate portion 
33a so as to stbstantially come into contact with the 

30 inner surface of flat plate portion 33a. The top surface of 
this projecting portion 37 may be joined to the inner sur- 
face of flat plate portion 33a, or may be merely brought 
into contact with the inner surface. 
[0029] Heat exchanger tube 41 of the embodiment 

35 depicted in Rg. 4 comprises two flat plate portions 43a 
and 43b provided to face each otiier with a gap therebe- 
tween and defining therebetween a passage 42 for heat 
ecchange medium; and folded portions 44a, 44b and 
45a, 45b formed by bending and folding on both end 

40 portions in the widthwise direction of respective flat 
plate portions 43a and 43b. Con-esponding folded por- 
tions 44a and 45a and folded portions 44b and 45b are 
joined to each other by brazing at a position of the outer 
surfaces formed by folding Qoining portions 46a and 

45 46b). 

[0030] Heat exchanger tube 51 of the embodiment 
depicted in Rg. 5. similarly to that depicted in Fig. 4, 
comprises two flat plate portions 53a and 53b defining a 
passage 52 for heat exchange medium; and folded por- 

50 tions 54a. 54b and 55a. 55b formed on both end por- 
tions in the widthwise direction of respective fiat plate 
portions 53a and 53b. Corresponding folded portions 
54a and 55a and folded portions 54b and 55b are joined 
to each other by brazing at a position of the outer sur- 

55 faces formed by folding Qoining portions 56a and 56b). 
In this en*odiment. a projecting portion 57 is formed at 
a central portion in the widthwise direction of one flat 
plate portion 53b by bending flat plate portion 53b itself 
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so that projecting portion 57 extends toward the other 
flat plate portion 53a so as to substantially come into 
contact with the inner surface of flat plate portion 53a. 
The top surface of this projecting portion 57 may be 
joined to the inner surface of flat plate portion 53a, or 
may be merely brought into contact with the inner sur- 
face. 

[0031] Heat exchanger tubes 21,31.41 and 51 shown 
in Figs. 2 to 5 are manufactured by the methods shown 
in Figs. 6 to 9. respectively. 

[0032] Fig, 6 shows a method for manufacturing heat 
exchanger tube 21 depicted in Fig. 2. First, a flat plate 
63 having a predetermined width is formed by cutting a 
wide flat plate 61 prepared as a material tor forming a 
tube, using an appropriate cutter 62. Then, both end 
portions in the widthwise direction of flat plate 63 with 
the predetermined width are bent to fold the end por- 
tions (in a direction of the upper surface side in Fig. 6), 
to form folded portions 25a and 25b on the respective 
end portions. 

[0033] Next, flat plate 63 is bent at a central portion in 
the above-described direction (direction of the upper 
surface side in Rg. 6). and two flat plate portions 23a 
aruJ 23b facing each other with a gap therebetween and 
defining therebetween passage 22 for heat exchange 
medium are formed. Then, folded portions 25a and 25b 
are joined to each other at a position of the outer sur- 
faces formed by folding Coining portion 26). thereby 
completing heat exchanger tube 21 depicted in Fig, 2. 
[0034] Fig. 7 shows a method for manufacturing heat 
exchanger tube 31 depicted in Fig. 3. First, aflat plate 
71 having a predetermined width slightly larger than that 
shown in Rg. 6 is formed by cutting a wide flat plate 61 
prepared as a material, using cutter 62. Then, project- 
ing portion 37 is formed by bending flat plate 71 at a 
predetermined position thereof. Thereafter, both end 
portions in the widthwise direction of flat plate 71 are 
bent to fold the end portions in the same direction as 
that formed with projecting portion 37 to form folded por- 
tions 35a and 35b on the respective end portions. Next, 
flat plate 71 is bent at a central portion in the same sur- 
face-side direction to form bent portion 34. and two flat 
plate portions 33a and 33b feeing each other with a gap 
therebetween and defining therebetween passage 32 
for heat exchange medium are formed. Then, folded 
portions 35a and 35b are joined to each other at a posi- 
tion of the outer surfaces formed by folding Qoining por- 
tion 36). thereby completing heat exchanger tube 31 
depicted in Fig. 3. 

[0035] Rg. 8 shows a method for manufacturing heat 
exchanger tube 41 depicted in Fig. 4. First, two flat 
plates 81a and 81b having an identical width are formed 
by cutting a wide flat plate 61 prepared as a material, 
using cutter 62. Then, folded portions 44a. 44b and 45a, 
45b are formed by bending on both end portions of 
respective flat plates 81a and 81b. Flat plates 81a and 
81b are fonned as flat plate portions 43a and 43b. Flat 
plates 81a and 81b are positioned so that correspond- 



ing folded portions 44a and 45a and folded portions 44b 
and 45b face each other, and the corresponding folded 
portions 44a and 45a and folded portions 44b and 45b 
are joined to each other at positions of the outer sur- 
5 feces formed by folding (joining portions 46a and 46b). 
thereby completing heat exchanger tube 41 having 
therein passage 42 for heat exchange medium depicted 
in Fig. 4. 

[0036] Rg. 9 shows a method for manufecturing heat 

10 exchanger tube 51 depicted in Rg, 5. First, two flat 
plates 91 a and 91 b having different widths are formed 
by cutting a wide flat plate 61 prepared as a material, 
using cutter 62. Then, projecting portion 57 is formed by 
bending wider flat plate 91b at a central portion in the 

15 widthwise direction thereof. Folded portions 54a. 54b 
and 55a, 55b are formed by bending on both end por- 
tions of respective flat plates 91a and 91b. Rat plates 
91a and 91b are formed as flat plate portions 53a and 
53b. Flat plates 91a and 91b are positioned so that cor- 

20 responding folded portions 54a and 55a and folded por- 
tions 54b and 55b fece each other, and the 
corresponding folded portions 54a and 55a and folded 
portions 54b and 55b are joined to each other at posi- 
tions of the outer surfaces formed by folding (joining 

25 portions 56a and 56b). thereby completing heat 
exchanger tube 51 having therein passage 52 for heat 
exchange medium depicted in Fig. 5. 
[0037] In tiie heat exchanger tubes manufactured and 
constructed as described above, because the folded 

30 portions are joined to each other by brazing at the outer 
surfaces thereof, a sufficiently broad junction area may 
be obtained, and a high junction strengtii and a high 
pressure resistance for tubes can be achieved. Furtiier. 
a fear of leakage may be solved. Therefore, a heat 

35 exchanger with a high performance can be realized. 
[0038] Further, tiie folded portion formed on the end 
portion in the widtiiwise direction of each flat plate por- 
tion can be formed by pressing. Therefore, the conven- 
tional roll forming is not necessary, and great reduction 

40 Of the cost for processing, the cost for manufacturing the 
tubes, ultimately, tiie cost for manufecturing the heat 
exchanger, may be achieved. Because roll forming is 
not canried out. correction after processing is also 
unnecessary, thereby greatiy reducing generation of 

45 defectives, fecilitating the manufacture and further 
reducing the cost for the manufacture. 
[0039] Moreover, because a brazed portion does not 
exist at a central portion in the widthwise direction of the 
tube, there is no fear that flux does not extend suffi- 

50 cientiy. Further, because the projecting portion for rein- 
forcing the tube can be easily formed by bending one 
flat plate portion itself, a tube structure having a high 
strength can be easily achieved. 
[0040] Besides, because the projecting portion basi- 

55 cally is a portion which does not require flux flown from 
another portion or flux applied from outside, defect of 
application of flux, as in the structure shown in Fig. 27. 
does not occur. Therefore, generation of a defective for 
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brazing may be easily prevented. 
[0041] Further, in the structure having the projecting 
portion, when core portion 6 is brazed while fixed with a 
jig. a high resistant force may be obtained against 
deforming force or shifting force originating from a differ- 
ence between thermal expansions of the core portion 
and the jig. Consequently, the deformation of the tube 
and generation of defectives for brazing may be effec- 
tively prevented. Therefore, a high-performance heat 
exchanger with no leakage, which is property brazed, 
may be manufactured. 

[0042] In the explanation of the above-described 
methods, although the projecting portion is formed 
before formation of folded portions on the end portions, 
the projecting portion may be formed after formation of 
folded portions. 

[0043] Next, heat exchanger tubes depicted in Figs 1 0 
to 13 will be explained, in these tubes, a folded portion 
is formed by plurally folding at least one end portion in 
the widthwise direction of at least one flat plate portion 
so ttiat the folded portion has a thickness which is an 
integral multiple of a thickness of a plate forming the end 
portioa 

[0044] Heat exchanger tube 1 21 a of the embodiment 
depicted in Fig. 10A comprises two flat plate portions 
123a and 123b provided to face each other with a gap 
ther^etween and defining therebetween a passage 
122 for heat exchange medium: a bent portion 124 
formed at one end portion in the widthwise direction of 
heat exchanger tube 121 , which integrally connects two 
flat plate portions 123a and 123b: and a folded portion 
125a formed on the other end portions in the widthwise 
direction of one flat plate portion 1 23a by folding the end 
portion plurally (in this embodiment, twice) in opposite 
directions. Folded portion 125a is joined to a corre- 
sponding end portion 1 25b of the other flat plate portion 
1 23b (in this embodiment, a folded portion is not formed 
in this end portion) Qoining portion 126). In folded por- 
tion 125a, a first folded piece portion 127a is folded so 
as to come into contact with the inner surfece of flat 
plate portion 123a at a surface contact condition, and a 
second folded piece portion 127b is folded so aS'to 
come into contact with the prior folded piece portion 
127a at a surface contact condition. Folded piece por- 
tion 127b of folded portion 125a is joined by brazing so 
as to come into contact with corresponding end portion 
125b of the other flat plate portion 123b at a surface 
contact condition. Such a folded portion 125a is formed 
by pressing. 

[0045] in heat exchanger tube 121b of the embodi- 
ment depicted in Fig. 10B. a folded portion 128 is 
formed on one end portion of the other flat plate portion 
1 23b by folding the end portion once, and folded portion 
125a and folded portion 128 are joined to each other by 
brazing so as to come into contact with each other at a 
surface contact condition. In heat exchanger tube 121c 
of the embodiment depicted in Fig. 10C. folded portions 
125a are formed on corresponding end portions of both 



flat plate portions 123a and 123b. respectively, by fold- 
ing each end portion twice, and folded portions 125a 
are joined to each other by brazing so as to come into 
contact with each other at a surface contact condition. 
5 Thus, the times of folding of a folded portion and the for- 
mation of the corresponding end portion of the other flat 
plate portion 123b may be arbitrarily chosen, and the 
internal dimension (the height of fluid path) may be 
determined accurately at a target dimension by deter- 
10 mining the number of folded piece portions interposed 
between both flat plate portions 123a and 123b. Of 
course, an internal dimension other than those shown in 
figures may be determined, and according to target 
dimensions, the number of folded piece portions inter- 
ns posed between both flat plate portions 123a and 123b 
and the times of folding of the respective folded portions 
maybe decided. 

[0046] Heat exchanger tube 131 of the embodiment 
depicted in Fig. 11, similarly to that of the above- 
20 described heat exchanger tube 121a, comprises two flat 
plate portions 133a and 133b defining a passage 132 
for heat exchange medium: a bent portion 134 integrally 
connecting two flat plate portions 133a and 133b: and 
folded portions 135a formed on the other end portions 
25 in the widthwise direction of one flat plate portion 133a 
by folding the end portion plurally (in this embodiment, 
twice) in opposite directions. Folded portion 135a is 
joined to a corresponding end portion 135b of the other 
flat plate portion 133b (in this embodiment, a folded por- 
30 tion is not formed in this end portion) (joining portion 
136). In this embodiment, a projecting portion 137 is 
formed at a central portion in the widthwise direction of 
one flat plate portion 133b by bending flat plate portion 
133b itself so that projecting portion 137 extends toward 
35 the other flat plate portion 133a so as to substantially 
come into contact with the inner surface of flat plate por- 
tion 133a. The top surface of this projecting portion 137 
may be joined to the inner surface of flat plate portion 
133a. or may be merely brought into contact with the 
40 inner surfoce. With respect to heat exchanger tubes 
121b and 121c, similar structures may be employed. 
[0047] Heat exchanger tul^ 141 a of the embodiment 
depicted in f^g. 12A comprises two flat plate portions 
143a and 143b (fiat plates) provided to face each other 
45 with a gap therebetween and defining therebetween a 
passage 142 for heat exchange medium: and folded 
portions 144a and 144b formed by plureUly bending and 
folding on both end portions in the widthwise direction of 
flat plate portion 143a. Folded portions 144a and 144b 
so are joined by brazing to corresponding end portions 
145a and 145b in the widthwise direction of the other 
flat plate portion 143b (joining portions 146a and 146b). 
In each of folded portions 144a and 144b. a first folded 
piece portion 147a is folded so as to come into contact 
55 with the inner surface of flat plate portion 1 43a at a sur- 
face contact condition, and a second folded piece por- 
tion 147b is folded so as to come into contact with the 
prior folded piece portion 1 47a at a surface contact con- 
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dition. Folded piece portion 147b of folded portions 
144a and 144b are joined by brazing, respectively, so as 
to come into contact with corresponding end portions 
145a and 145b of the other flat plate portion 143b at a 
surface contact condition. Such folded portions 144a 
and 144b are formed by pressing. 
10048] In heat exchanger tube 141b of the embodi- 
ment depicted in Fig. 12B. a folded portion 148 is 
formed on each end portion of the other flat plate por- 
tion 143b by folding the end portion once, and folded 
portion 144a, 144b and corresponding folded portions 
148 are joined to each other by brazing so as to come 
into contact with each other at a surface contact condi- 
tion. In heat exchanger tube 141c of the embodiment 
depicted in Fig. 12C, folded portion 144a and 144b are 
formed on corresponding end portions of both flat plate 
portions 143a and 143b. respectively, by folding each 
end portion twice, and the corresponding folded por- 
tions are joined to each other by brazing so as to come 
into contact with each other at a surface contact condi- 
tion. Thus, even if the flat plate portions are separated 
before forming a tube, the times of folding of a folded 
portion and the formation of the corresponding end por- 
tion of the other flat plate portion 143b may be arbitrarily 
chosen, and the internal dimension (the height of fluid 
path) may be determined accurately at a target dimen- 
sion by determining the number of folded piece portions 
interposed between both flat plate portions 143a and 
143b. Of course, even in these embodiments, an inter- 
nal dimension other than those shown in figures may be 
determined, and according to target dimensions, the 
number of folded piece portions interposed between 
both flat plate portions 143a and 143b and the times of 
folding of the respective folded portions may be 
decided. 

[0049] Heat exchanger tube 1 51 of the embodiment 
depicted in Fig. 13, similarly to that shown in Rg, 12 A. 
comprises two flat plate portions 153a and 153b defin- 
ing a passage 152 for heat exchange medium; and 
folded portions 1 54a and 154b formed by plurally bend- 
ing and folding on both end portions in the widthwise 
direction of flat plate portion 1 53a. Folded portions 1 54a 
and 154b are joined by brazing to corresponding end 
portions 1 55a and 1 55b in the widthwise direction of the 
other flat plate portion 153b Gaining portions 156a and 
156b). In this embodiment, a projecting portion 157 is 
formed at a central portion in the widthwise direction of 
one flat plate portion 153b by trending flat plate portion 
1 53b itself so that projecting portion 1 57 extends toward 
the other flat plate portion 153a so as to substantially 
come into contact with the inner surface of flat plate por- 
tion 153a. The top surface of this projecting portion 157 
may be joined to the inner surface of flat plate portion 
153a, or may be merely brought into contact witii the 
inner surface. 

[0050] The heat exchanger tubes shown in Figs. 1 0 to 
13 are manufactured as products of heat exchangers, 
generally, by assembling those together with other parts 



such as fins and header pipes and joining them by braz- 
ing in a furnace. As described later, an inner fin may be 
inserted into the tube for the purpose of increase of 
pressure resistance and heat transfer performance. In 

5 such a case, usually a clad material with a brazing 
material is used for any of fins and tube shells for joining 
by brazing. If a dad material with a brazing material on 
both surfaces is used, a tube shell may be brazed at a 
liquid sealing condition, and a bare material witii no clad 

10 brazing material can be used for fins. Further, when only 
a tube shell is brazed, any of a method for using a mate- 
rial clad witti a brazing material on botii surfaces or on 
only one surface, or a method for using combination of 
these materials, may be appropriately selected. 

15 [0051] Heat exchanger tubes 121a. 131. 141a and 
151 shown in Figs. 10 to 13 are manufactured by tiie 
methods shown in Rgs. 14 to 17. respectively. Heat 
exchanger tubes 121b. 121c, 141b and 141c may be 
manufactured by similar methods, 

20 [0052] Fig. 14 shows a method for manufacturing heat 
exchanger tube 121a depicted in Fig. IDA. First, a flat 
plate 163 having a predetermined width is formed by 
cutting a wide flat plate 161 prepared as a material for 
forming a tube, using an appropriate cutter 162. Then, 

25 one end portion in the widthwise direction of flat plate 
163 with the predetermined width is bent to fold the end 
portion twice to form folded portion 125a on the end por- 
tion. 

[0053] Next, flat plate 163 is bent at a central portion 
30 in the widthwise direction in the direction of the upper 
surface side in Rg. 1 4 to form bent portion 1 24. and two 
flat plate portions 123a and 123b facing each other with 
a gap therebetween and defining tiierebetween pas- 
sage 122 for heat exchange medium are formed. Then. 
35 folded portion 1 25a on the end portion of flat plate por- 
tion 123a and end portion 1 25b of flat plate portion 123b 
are joined to each other Ooining portion 126), thereby 
completing heat exchanger tube 121a depicted in Rg. 
10A. 

40 [0054] Fig. 1 5 shows a method for manufacturing heat 
exchanger tube 131 depicted in Rg. 11. First, aflat plate 
171 having a predetermined widtii sllghtiy larger than 
that shown in Rg. 14 is formed by cutting a wide flat 
plate 161 prepared as a material, using cutter 162. 

45 Then, projecting portion 137 is formed by bending flat 
plate 1 71 at a predetermined position thereof. Thereaf- 
ter, one end portion in the widthwise direction of flat 
plate 171 is bent to fold the end portion twice in the 
same direction as that formed with projecting portion 

50 137 to form folded portion 135a on the end portion. 
Next, flat plate 171 is bent at a centi'al portion in the 
same surface-side direction to form bent portion 134, 
and two flat plate portions 133a and 133b fadng each 
other with a gap therebetween and defining therebe- 

55 tween passage 132 for heat exchange medium are 
formed. Then, folded portion 135a of the end portion of 
flat plate portion 133a and the end portion of flat plate 
portion 135b are joined to each ottier (joining portion 
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136). thereby completing heat exchanger tube 131 
depicted in Fig, 11. 

[0055] Rg. 1 6 shows a method for manufacturing heat 
exchanger tube 141 a depicted in Rg. 12 A. First, two flat 
plates 181a and 181b having different widths are 
formed by cutting a wide flat plate 161 prepared as a 
material, using cutter 162. Then, folded portions 144a 
and 144b are formed by bending on both end portions 
of one flat plate 181a. Flat plates 181a and 181b are 
formed as flat plate portions 143a and 143b. Flat plates 
181 a and 181b are positioned so that folded portions 
144a and 144b and con-esponding end portions 145a 
and 145b of flat plate 181b face each other, and they 
are joined to each other (joining portions 146a and 
146b), thereby completing heat exchanger tube 141 
having therein passage 142 for heat exchange medium 
formed by two flat plate portions 143a and 143b, 
depicted in Fig. 12A. 

[0056] Rg. 1 7 shows a method for manufacturing heat 
exchanger tube 151 depicted in Rg. 13. First, two flat 
plates 191a and 191b are formed by cutting a wide flat 
plate 161 prepared as a material, using cutter 162. 
Then, projecting portion 157 is formed by bending one 
flat plate 191b at a central portion in the widthwise 
direction thereof. Folded portions 154a and 154b are 
formed on both end portions of the other flat plate 191a 
by plurally bending and folding the end portions. Folded 
portions 154a and 154b are joined to corresponding 
end portions 155a and 155b in the widthwise direction 
of the other flat plate 191b by brazing (joining portions 
156a and 156b), thereby completing heat exchanger 
tube 151 having therein passage 1 52 for heat exchange 
medium depicted in Fig. 13. 

[0057] In the heat exchanger tubes manufactured and 
constructed as described above, similarly in the afore- 
mentioned heat exchanger tubes shown in Figs. 2 to 5, 
because the folded portion formed on an end portions in 
the widthwise direction of at least one flat plate portion 
is joined to a corresponding end portion in the widthwise 
direction of the other flat plate portion at a condition of 
surface contact, without joining tip portions to each 
other as in the conventional tubes, a sufficiently broad 
junction area may be obtained, and a high junction 
strength and a high pressure resistance can be 
achieved. Because the folded portion is formed by plu- 
rally bending and folding the end portion in opposite 
directions and the folded piece portions are formed to 
be stacked at a condition of surface contact, a high 
strength may be ensured with respect to the folded por* 
tion itself as well as a high junction strength may be 
ensured by the above-described surface contact condi- 
tion, thereby realizing a further high pressure resistance 
as the whole of the tube. 

[0058] Further, because the folded portion formed on 
the end portion in the widthwise direction of the flat plate 
portion can be formed by pressing, the conventional roll 
forming is not necessary, and great reduction of the cost 
for processing, the cost for manufacturing the tubes. 



ultimately, the cost for manufacturing the heat 
exchanger, may be achieved. Because roll forming is 
not carried out, correction after processing is also 
unnecessary, thereby greatly reducing generation of 
5 defectives, facilitating the manufacture and further 
reducing the cost for the manufacture, 
[0059] Moreover, the folded portion is formed by plu- 
rally bending and folding the end portion in opposite 
directions, and the internal dimensbns of the tube may 
10 be determined substantially freely and accurately by the 
times of folding, and therefore, the freedom of design 
may be greatiy increased. The internal dimension of the 
tube may be determined at a dimension corresponding 
to a value of (the thickness of the folded piece portion x 
15 the number of the folded piece portions) more accu- 
rately by bringing the first folded piece portion into con- 
tact with the inner surface of the flat plate portion at a 
condition of surface contact. Therefore, the internal 
dimensions of the tube may be determined at target 
20 dimensions at high accuracy, thereby easily achieving a 
tube with desired internal dimensions. 
[0060] Further, because a brazed portion does not 
exist at a central portion in the widthwise direction of the 
tube, there is no fear that flux does not extend suffi- 
25 dently. Further, because the projecting portion for rein- 
forcing the tube can be easily formed by bending one 
flat plate portion itself, a tube structure having a high 
strength can be easily realized. 
[0061 ] Besides, because the projecting portion basi- 
30 cally is a portion which does not require flux flown from 
another portion or flux applied from outside, defect of 
application of flux, as in the structure shown in Fig. 27. 
does not occur. Therefore, generation of a defective for 
brazing nnay be easily presented. 
35 [0062] Further, in the structure having the projecting 
portion, when core portion 6 is brazed while fixed with a 
jig. a high resistant force may be obtained against 
deforming force or shifting force originating from a differ- 
ence between thermal expansions of the core portion 
40 and the jig. Consequentiy, the deformation of the tube 
and generation of defectives for brazing may be effec- 
tively prevented. Therefore, a high-performance heat 
exchanger with no leakage, which is properly brazed, 
may be manufactured. 
45 [0063] In the explanation of the above-described 
methods, although the projecting portion is formed 
before formation of folded portions on the end portions, 
the projecting portion may be formed after formation of 
folded portions. 
50 [0064] The heat exchanger tubes depicted in Rgs. 2 
to 5 and Figs. 1 0 to 1 3 may have the following additional 
structures. Although the additional structures will be 
explained as to the heat exchanger tubes depicted in 
Fig. 2 and Rg. IDA. these structures may similarly be 
55 applied to the tubes depicted in Figs. 3 to 5. Figs. 10B 
and IOC. and Figs. 1 1 to 13. 

[0065] In heat exchanger tube 201 depicted in Figs. 
18 and 19. an inner fin 204 formed as a wave type is 
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provided in a passage 203 for heat exchange medium 
defined between flat plate portions 202a and 202b of 
tube 201 . and the passage 203 is divided into a plurality 
of paths by inner fin 204. The structure of inner fin 204 
IS not particularly limited, and a structure other than the 
wave type may be employed. Such an inner fin 204 may 
be inserted after forming tube 201 . 
[0066] In heat exchanger tube 201 having such a 
structure, in addition to the operation and advantages 
that have been explained in the embodiment shown in 
Fig. 2 or 10A, uniformity of the temperature of tube 201 
may be achieved, and the performance of heat 
exchange by tube 201 may be further Increased. 
10067] In heat exchanger tube 211 depicted in Rgs. 
20A, 20B and Figs. 21 A. 21 B, a plurality of protruded 
portions 213 protruding toward the inside of the tube are 
provided on both flat plate portions 212a and 212b of 
tube 211. and protruded portions 213 are disposed to 
face each other and the top surfaces thereof are 
brought into contact with each other. Respective pro- 
truded portions 213 may be formed easily by embossing 
a flat plate material before forming the tube, and the 
tube may be processed after forming the protruded por- 
tions 213. 

10068] In heat exchanger tube 21 1 having such a 
structure, in addition to the operation and advantages 
that have been explained in the embodiment shown in 
Fig. 2 or 10A. because the mixing performance for the 
heat exchange medium flowing in the passage may be 
improved by protruded portions 213. uniformity of the 
temperature and acceleration of heat transfer may be 
achieved, and the performance of heat exchange by 
tube 21 1 may be further increased. 
[0069] Protruded portions 213 may be provided on 
only one flat ptate portion, and the top surfaces of the 
protruded portions 213 may be brought into contact with 
the Inner surface of the pther flat plate portion facing the 
protruded portions 213. 

[0070] In heat exchanger tube 221 depicted in Rgs. 
22A, 228 and Figs. 23A, 23B. a plurality of grooves 
223a and 223b extending obliquely In the directions to 
intersect each other are defined on flat plate portions 
222a and 222b. respectively. For example, as shown in 
Fig. 24, these grooves 223a and 223b are defined on a 
flat plate material 224 before forming tube 221 so that 
the grooves extend to intersect each other when tube 
221 is formed and thereafter, the material may be proc- 
essed into tube 221 . 

[0071] In heat exchanger tube 221 having such a 
structure, in addition to the operation and advantages 
that have been explained in the embodiment shown In 
Fig. 2 or 10A. because the mixing performance for the 
heat exchange medium flowing in the passage may be 
improved by intersecting grooves 223a and 223b. uni- 
formity of the temperature and acceleration of heat 
transfer may be achieved, and the performance of heat 
exchange by tube 221 may be further increased. 
[0072] Further, in the present invention, as shown in 



Figs. 25 and 26. a tube 231 may be formed to have flat 
plate portions 232a and 232b expanding outside of the 
tube so that a central portion in the widthwise direction 
of each flat portion is formed as a peak. In such a struc- 
5 ture, the pressure resistance of tube 231 may be 
increased. The amount of the expansion " 5 ** may be 
fairly small. 

[0073] The application of the heat exchanger tube 
according to the present invention is not limited to the 

10 heat exchanger such as the type depicted in Fig. 1, but 
it may be applied to any type of heat exchanger. In par- 
ticular, it may be suitable for use in a heat exchanger for 
vehicles, for example, a radiator, and a heater, a con- 
denser and an evaporator for air conditioners for vehi- 

15 des, and an intercooler. 

Industrial Application s of the Invention 

[0074] According to the present invention, a heat 
20 exchanger tube high in junction strength and pressure 
resistance and high in freedom of design can be manu- 
factured easily and inexpensively. Further, defect of 
brazing due to defect of the application of flux may be 
prevented, and the strength of the tube against defor- 
25 mation may be increased by forming the projecting por- 
tion, etc. Therefore, such an excellent heat exchanger 
tube may be extremely useful to a heat exchsmger for 
vehicles. 

30 Claims 

1 . A heat exchanger tube comprising: 

two flat plate portions provided to face each 
35 other and defining therebetween a passage for 

heat exchange medium; and 
a folded portion provided on at least one end 
portion in the widthwise direction of at least one 
of said flat plate portions, said folded portion 
40 being formed by folding said end portion so as 

to have a thickness which is an Integral multiple 
of a thickness of a plate forming said end por- 
tion, said folded portion and a corresponding 
end portion in the widthwise direction of the 
45 other flat plate portion being joined to each 

other. 

2. The heat exchanger tube according to claim 1, 
wherein a bent portion, which integrally connects 

50 said two flat plate portions, is formed at one end 
portion in the widthwisiie direction of said heat 
exchanger tube, said folded portion is formed on 
each flat plate portion at the other end portion in the 
widthwise direction of said heat exchanger tube. 

55 and the respective folded portions are joined to 
each other. 

3. The heat exchanger tube according to claim 1. 



19 



EP0 907 062 A1 



20 



wherein said folded portion is formed on each end 
portion in the widthwise direction of each flat plate 
portion, and each set of corresponding folded por- 
tions on the respective end portions are joined to 
each other. 

4. The heat exchanger tube according to any of claims 
1 to 3. wherein said folded portion Is formed by plu- 
rally folding at least one end portion in the width- 
wise direction of at least one of said flat plate 
portions. 

5. The heat exchanger tube according to claim 4. 
wherein said folded portion is formed, so that a first 
folded piece portion comes into contact with an 
inner surface of a flat plate portion at a condition of 
surface contact, and a following folded piece por- 
tion comes into contact with a surface of a prior 
folded piece portion at a condition of surface con- 
tact. 

6. The heat exchanger tube according to claim 1. 
wherein said folded portion is formed by pressing. 

7. The heat exchanger tube according to claim 1. 
wherein a projecting portion is formed at a central 
portion in the widthwise direction of one flat plate 
portion by bending the flat plate portion itself, and 
said projecting portion extends toward the other flat 
plate portion so as to substantially come into con- 
tact with the other flat plate portion. 

8. The heat exchanger tube according to claim 1, 
wherein said folded portion is brazed to said corre- 
sponding end portion in the widthwise direction of 
the other flat plate portion. 

9. The heat exchanger tube according to claim 1, 
wherein an inner fin is provided between said flat 
plate portions. 

10. The heat exchanger tube according to claim 1, 
wherein a plurality of protruded portions protruding 
toward the inside of the tube are provided on at 
least one of said flat plate portions, and protruded 
portions facing to each other, or, a protruded por- 
tion and an inner surface of a flat plate portion fac- 
ing the protruded portion, are abutted to each other. 

11. The heat exchanger tube according to claim 1, 
wherein grooves are defined on an inner surface of 
each flat plate portion, and the grooves on one flat 
plate portion extend to intersect the grooves on the 
other flat plate portion. 

12. The heat exchanger tube according to claim 1. 
wherein said flat plate portions expand outside of 
the tube so that a central portion in the widthwise 



direction of each flat portion is formed as a peak. 

13. A heat exchanger having said heat exchanger tube 
according to any of claims 1 to 12. 

5 

14. The heat exchanger according to claim 13, wherein 
said tube and a fin are alternately disposed. 

15. A method for manufacturing a heat exchanger tube 
10 comprising the steps of: 

(a) folding at least one end portion in the width- 
wise direction of a flat plate with a predeter- 
mined width to form a folded portion having a 

75 thickness which is an integral multiple of a 

thickness of said flat plate forming said end 
portion; 

(b) bending said flat plate at a central portion in 
the widthwise direction of said flat plate so that 

20 said folded portion is positioned inside, to form 

two flat plate portions defining therebetween a 
passage for heat exchange medium: and 

(c) joining said folded portion formed on at least 
one end portion of at least one of said flat plate 

25 portions to a corresponding end portion of the 

other flat plate portion. 

16. A method for manufacturing a heat exchanger tube 
comprising the steps of: 

30 

(a) folding both end portions in the widthwise 
direction of at least one flat plate of two flat 
plates having respective predetermined widths 
to form a folded portion at each end portion. 

35 said folded portion having a thickness which is 

an integral multiple of a thickness of said flat 
plate forming said end portion; and 

(b) joining said folded portions formed on both 
end portions of said flat plate and corresporKl- 

40 ing end portions of the other flat plate to each 

other. 

17. The method for manufacturing a heat exchanger 
tube according to daim 15 or 16, wherein said 

45 fokied portion is formed by plurally folding said end 
portion in the widthwise direction of said flat plate. 

18. The method for manufocturing a heat exchanger 
tube according to claim 1 7, wherein said folded por- 

50 tion is formed, so that a first folded piece portion 
comes into contact with an inner surface of said flat 
at a condition of suriace contact, and a following 
folded piece portion comes into contact with a sur- 
face of a prior folded piece portion at a condition of 

55 surface contact. 

19. The method for manufacturing a heat exchanger 
tube according to daim 15 or 16, wherein said 
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folded portion is formed by pressing. 

20. The method for manufacturing a heat exchanger 
tube according to claim 15 or16, wherein a project* 
ing portion is formed at a central portion in the s 
widthvynse direction of one of flat plate portions 
forming the tube by bending the flat plate portion 
itself, and said projecting portion is formed to 
extend toward the other flat plate portion so as to 
substantially come into contact with the other flat io 
plate portion. 

21. The method for manufacturing a heat exchanger 
tube according to claim 15 or 16, wherein said 
folded portion is brazed to said corresponding end is 
portion of a flat plate portion focing said folded por- 
tion. 

22. The method for manufacturing a heat exchanger 
tube according to claim 15 or 16, wherein an inner 2o 
fin is provided between two flat plate portions form- 
ing the tube. 

23- The method for manufacturing a heat exchanger 
tube according to claim 1 5 or 1 6. wherein a plurality 25 
of protruded portions protruding toward the inside 
of the tube are formed on said flat plate when the 
tube is formed. 

24. The method for manufacturing a heat exchanger 3o 
tube according to claim 15 or 16, wherein grooves 
are defined on surfaces of flat plate portions form- 
ing the tube so that the grooves on one flat plate 
portion extend to intersect the grooves on the other 
flat plate portion when the tube is formed. 35 
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FIG. 2 
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